Abstract. The cysteine knot motifs are widely spread in several classes of peptides including those with antimicrobial functions. These motifs offer a major stability to the protein structure. Nevertheless, the antimicrobial activity is modulated by physicochemical properties. In this paper, we create a model of support vector machine to predict antimicrobial activity from sequences with similar motifs, based on physicochemical properties: net charge, ratio between hydrophobic and charged residues, average hydrophobicity and hydrophobic moment. The support vector machine model was trained with 146 antimicrobial peptides with six cysteines from the antimicrobial peptides database and an equal number of random sequences predicted as transmembrane proteins. The polynomial kernel shows the best accuracy (77.4%) on 10-fold cross validation. Testing in a blind dataset, we observe an accuracy of 83.02%. Through this model, proteins of varied size with a cysteine knot motif can be predicted with good reliability.
Introduction
In the last decades the conventional antibiotics have decreased their activity against the pathogenic bacteria, due to resistance development [1] . The search for novel antimicrobial peptides (AMP) is increasing, since the antimicrobial peptides appear as an alternative to control those pathogens due to their short length and their fast and efficient action [1] [2] [3] .
AMPs are a very diverse and abundant group, being divided in several classes, but some of them share some physicochemical characteristics, some studies propose that they are non essential, but the determinant for activity is the tertiary structure [4] , however, other studies show that the physicochemical characteristics modulate the antimicrobial activity [5] . Some classes of AMP have a special structural feature, a cysteine knot motif with three disulfide linkages in their structures, which provides a major stability to the structure. Among them are the defensins, which could be found in animals, plants and fungi, showing three, four or five disulfide linkages [1, [6] [7] .
Another class that contains the cysteine knot motif is the class of plant cyclotides, which comprises macrocyclic peptides with a head-to-tail cyclised backbone [8] . Physicochemical characteristics combined with cysteine knot motif can be used to predict antimicrobial activity of protein sequences. The present study was conducted in order to create a model of Support Vector Machine (SVM) to predict antimicrobial activity.
Material and Methods
Starting from the Antimicrobial Peptides Database [3] , 207 sequences with six cysteine residues were extracted and at least one repetition of the pattern CXC, where X is any of the 20 natural amino acids. The redundant sequences were removed with Jalview [9] , remaining 199 in the positive dataset. The negative dataset was composed of an equal number of random protein sequences predicted as transmembrane by Phobius [10] , totaling 398 sequences in main dataset. For each sequence, four physicochemical properties were calculated: net charge at the physiological pH, ratio between hydrophobic and charged residues, average hydrophobicity (H) and the hydrophobic moment (μH). H and μH were measured based on Eisenberg's hydrophobicity scale [11] . Moreover, μH was given by the Eisenberg's equation [11] .
Before physicochemical characterizations, the main dataset was divided in two datasets, training and blind dataset. The training dataset was composed of 146 AMPs with redundancy minor than 90% and 146 sequences predicted as transmembrane randomly selected. The blind dataset was composed by the 106 remaining sequences of main dataset. The model of SVM was developed with SVM Perl Module, available in the Comprehensive Perl Archive Network (CPAN) [12] . The kernel function has been chosen according to the results of the 10-fold cross validation, and the performance of the SVM was measured by the following parameters:
Sensitivity= {TP/(TP+FN)}*100
(1)
Specificity= {TN/(TN+FP)}*100
Accuracy= {(TP+TN)/(TP+TN+FN+FP)}*100
Where TP is the number of true positives; FN, the false negatives; TN, the true negative; and FP, the false positives.
Results and Discussion
Cysteine knot motifs are widely spread in several classes of peptides, such AMPs [8] . These motifs offer a major stability to the protein structure. Nevertheless, the antimicrobial activity is modulated by physicochemical properties, such hydrophobicity, An SVM Model Based on Physicochemical Properties to Predict Antimicrobial Activity 61 cationicity and amphipathicity [1, 5] . We propose that the combination of these features can be used to predict antimicrobial activity through supervised machine learning. On the other hand, the use of supervised machine learning to predict antimicrobial activity has two major challenges, (i) the size variation of sequences and (ii) the absence of a non-antimicrobial data base [2] . In this paper, a SVM model to predict antimicrobial activity from peptides with a cysteine knot motif through physicochemical properties was developed, which turn possible the prediction of sequences, independently of size, solving the first challenge, on the other hand, this approach generates a novel problem: shuffled sequences have the same scalar physicochemical properties, generating false positives. However, we included the μH to solve this problem, once μH is not a scalar property and its value depends of the sequence of amino acids in protein.
To solve the second challenge, we use the Phobius prediction to select transmembrane proteins, since these proteins have no antimicrobial activity; due to those are no secreted proteins [2] . The adequate kernel function was selected based on a 10-fold cross validation on training dataset. The kernel polynomial has the best accuracy (77.4%) than radial (75.68%), linear (74.65%) and sigmoid (46.91%). Figure 1 shows the accuracy in several K-fold cross validations. Testing the model on blind dataset, we observe a sensitivity of 75.36%, a specificity of 97.3% and an accuracy of 83.02%. Through this model, proteins of varied size with a cysteine knot motif can be predicted with good reliability and can be used to discover and design novel drugs. 
Conclusion
This paper shows that the combination of cysteine knot motif and physicochemical properties can be used to predict antimicrobial activity with good reliability, based on a SVM model, independently of the protein size. This SVM model can be relevant to reveal the antimicrobial activity from proteins which posses other functions, like protease inhibitors, conotoxins or metallothioneins, for example, since these proteins have the cysteine knot motif. In future studies, more physicochemical properties will be added to SVM model in order to improve the accuracy of the model and sequences without described antimicrobial activity will be predicted and tested in vitro.
